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COrjlACOBAHHE BHOJIOrHHECKMX H TEXHHHECJKHX 
9JlEfi/iEHT0B H CHCTEfi? v 

Ha nyiH k HsyyeHHio ecxecTBCHHux m HCKyccTBCHHux caMoopra- 
HHsyiomHX CHCTCM oahoh h3 HaH6o;iee cjiox<hwx npeAcraB^iaerca 
aa^aqa o cor^iacoeaHHH HacxeH ue.aocTHOH dHOHHqecKoA CKcteMH, 



BKJiioRaiouieH B ce6a kbk daoJiorHqecKHe, ras h TesHnnecKHe sjie- 

MeHTU H CHCimU^ CjKUKHOCTb STOg CCMnX>HT B OnpeACJieHHH 

HeodiXOAHMUX H ApCraTOHHUX yCJIOBHH COrAaCOBBHHSI, npH KOTOpUX 
AocTHraercH cahhctbo KaqecrBeHHO paajiK’iHhix qacreft uejiocTHoii 

6HOHHqeCKOH CHCTCMH. 

B coBpeMCHHOH jiHTcpaType no reopHH chctcm aHaAnanpyerca 
B ocHOBHOM comacoBaHHc (KoopAHHHp'oBaHHe) ueaefi [IJ h «nono- 
>KHTenbHwx pe 3 ynbTaTOB» [ 2 ] ACHTejibHocTH oTACJibHux qacrefi 

ueaocTHOH CHCTCMM. OpH 3TOM npeAnojiaraeTCH, <^0 (|)yHKUHH noA- 
CHCTCM CAo>KHbix 6HOjiorHqecKHX H TexHHqccKHX CHCTCM, odjiaABiomHX 
HcpapxHqecKOH crpyKiypoH, «HaH6oAee cctcctbchho HHxepnperH- 
pyiOTCH KaK noHCK H npHHHTHC peiucHHfis [ 1 , c. 101 ]. B peayJibTaTC 
3TH noACHCTCMbi paccMaxpHBaioTCH K3K pemaiomHe chcxcmu (chcxcmu' 
npHHHXHa peuicHHa), AJiH Koxopux AocxaxoqHo xoqHO aoajkhu dbixb 
onpcACncHbi petuaeMwe aaAaqw. npHMCHHxe/XbHo k CHOHHqecKHM 
CHcxcMaM BunoAHCHHC nocJiCAHcro xpe6oBaHHH Bbi3biBaex anaqH* 
xeabHbie xpyAHocxH, nocKojibKy qHCJio paaHOKaqecxBCHHux sacmchtob 
B xaKHx cHCxcMax ncjiHKO H peinacMwe hmh aaAaqn noxa ne yAaexca 
anpHopHo AOCxaxoqHO qexKO C(J)opMynHpoBaxb, qxo 6 br npoBCCXH 
HanpaBJiCHHuft SKcnepHMCHx A-aa onpeAejicHH.a KOHKpexHbix napa- 
MCxpoB 3XHX saAaq. 

Boaee npoAyKXHBHUM b AannoM oxhouichhh aBJiaexca noAXOA 
K OnHCaHHK) Cno»(HUX CHCXCM C nOMOmblO COOXHOineHHH «BXOA — 
BuxoA». B paMKax 3xoro noAxoAa, onHpaacb na mctoa MHoroypoB- 
HCBoro aHaAHsa HCJiHHeftHwx AHHaMHqecKHX chcxcm [ 3 ] hah mcxoa 
rpynnoBoro yqexa apryMCHxa { 41 , moacho c hco6xoahmoh cxencHbio 
xoqHocxH onpcAeAHXb napaMCxpw cooxHomcHHft «bxoa — buxoa», 
npeACxaBAacMbix anpHopHO b HandoAce odmefi HHxerpaAbHOH (JrapMC. 

OocKOAbKy «BcaKaa CHCxcMa, 4^pMaAH30BaHHaa nocpcACTBOM 
MOACACH «BXOA — BHXOA», MOJKCX 6uXb npCACTaBACHa B BHAC pcuiaiO' 
mcH CHCxcMbi, H Hao6opox» { 1 , c. 10 !J, ycAOBHa corAacoBaHHH 
B BHAC orpaHHqeHHH na cooxHouicHna «bxoa — BbixoA» corAacyCMbix 
noACHc^CM Moryx AonoAHHXb yCAOBHa corAacoBaHna ucACBbiX ({)yHK- 
UHH ((|)yHKUHH KaqccxBa) 3XHX HOACHcxcM [1) H no3BOAax Bbipado- 
xaxb AocxaxoqHo fh6khh odmHH mcxoa corAacosaHHa dnoAorHqecKHx 
H XCXHHqeCKHX BACMCHTOB H CHCXCM. 

VcAOBHa corAacoBaiiHa 

CymecxBycx mhojkcctbo chhohhmob noHaxHa corAacoBaHHc: 
CAHHCXBO, rapMOHHH, XOOpAHHaUHH, KOHCOAHAaUHH, AyaAbHaa BSaHMO- 
•SaBHCHMOCTb, BSaHMOCOACHCTBHC, BSaHMHOC AOnOAHCHHC, 633 HMH aa 
KOMHCHCaUHa, BSaHMOnOHHMaHHC H Ap. [ 1 , 2 , 5 }. Bo Bcex 3XHX 
CHHOHHMaX 6C3 HCKAlOHCHHa 0Xp3>KeH B3 3HMHHH, CHMMCXpHq- 
Hbi M xapaKTcp npouecca corAacoBaHaa qacTCM hcaoxo. Mea^Ay 
qacxHMH odTjCKTa cymecxBycx B33 hmhoc cootbcxcxbhc,’ ohh aohoa- 
HHK)x Apyr Apyra AO cahhofo ucaoxo, x. c. cymccxByex chmmcxphh 
qaCXCH OXHOCHXCAbHO UCAOrO. 


13 





JXa» A£o6ofi 4^KCHpoBaBBo3 nacTH oSijeKTa ^raJibHHe q^H 
BBJiBiOTCfl AonojiH^neM, iKmoMy ycjioBHB coTAacoBaBHii noACHcreM 
€ahho 3 iiejiocTHofi CHcreMu mohcho iiayqiiTb Ha npHMepe HaK&tJiee 
npocToft CKcreMbi, cocTonmeA h 3 Aoyx noACHcrcM (cm. pHcyHOK). Baa- 
HMOAeAcTByH, OHH o6pa3yioT oahh aaMKHyruH KOHxyp, no KoropoMy 
UHpKyAHpyKJT CHrHaAbl. ripeo6pa30BaHHH CHFHaJIOB, KOTOpiaie ocy- 
mecTBjiaioT 9TH iioACHcxeMH, M02KHO onHcaib B o6meM BHAC Hccra- 
UHOHapHOH HHXerpaJIbHOH (})OpMOH [3J 


P,(X, 0= JJ.1 j Gi(*. i. np^ix', t')df£'; 

■ R*—’“ 

PAx, 0= J Gi(x. t, f)P,Cc\ f)dr£c". 


R* —CO 


(1) 

( 2 ) 


TAe Pi (x, 0, ^2 0 — BXOAHbie H BuxoAHue cHmajihi; C, (x, x\ 

f)f Gj (x, x\ /") — (|)yHKUHH 
BJIHHHHH (HApa) HCCTaUHOHapHUX 
MaxcMaxHqecKKx MOAeJieA HejiHHeA- 
HHX nOACHCTCM. ToPAa HCCJICAOBa- 
HHe BSaHMHOrO COOXBeXCXBHH H CHM- 

MCxpHH Me»Ay copAacyeMbiMH noA- 
CHCXeiwaMH MOJKCX 6bITb CBCACHO K 
HsyqeHHK) xanoro cooxBexcxBHH h 
CHMM crpHH MOKAy HHicrpaAbHUMH npeoSpasoBaHHH ’H (I) H (2). 

noACxaBHB (2) B (1) H BunoAHHB npocxbie npeo6pa30BaHHH, 
noAyMHM cooxHOlueHHe 

^i(^. o=jn J fol ncjx\ t\ f)dfdx'} X 

R* —col R* r J 



(3) 


x Pi{x\ f)dfdx\ 

3x0 paBeHCXBO BbinoAHBexcH npn jiio6wx Pi(x, 0» gcah 
JJJJ Gi(i. x^ /, f) GaCx', x% t\ f)df£c' = 

R*f 

= 8(x — x")5(/ — O. (4) 

OpH 9T0M MCAfAy npeoSpaSOBaHHHMH (I) H (2) yCXaHaBAHBaiOTCH 
B3aHMH0-0AH03HaqH0e COOTBeXCXBHe H CHMMexpHH OTHOCHXeAbHO 

TO»<AecTBeHHoro npeo6pa30BaHHfl. ycjioBHe (4) mojkcx dwTb BHnpA- 
HCHo TOJibKO B xoM CAyqac, eCAH 


G,(x, x'. u n=Gi(Xo x'o /) 8(^-0; 
Gs(x, ?, u — n 


(5) 
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R 


G, (jr, x', 0 Gg (J, y', 0 ^ = 5 (x — x'), 

nocKOjibxy npH f -^t nyrcM iiHTerpHposaHHH b jieBofl qacTH coot- 
KooieHHfl (4) no MHOXcecTBy Mepti Hyjib hcoSxoahmo nojiy^HTb ana- 

ReHHC, OTJIHWOe OT HyJIB. 

Ha (5) cjicflyer, qro CHMMerpHH npeo6paaoBaHHH (1) h (2) otho- 
CHTCjibHo TOJKAeiCTBeHHoro xpeSyer S^MHepuHOKHocxH corJiacyeMwx 
no;iCHCTeM. 3xo- ycjioBHe MO»er dHXb Bunojineno jihuib npH corjia- 
coBaHHH 6HOJiorHqecKHX h xexHnqecKHX chctcm,* odJiaAaiomHX odpaa- 
Rofi naMHTbK), nocKOJibKy KaxgiaH h3 hhx Moxcex KOMneHCHpoBaxb 
CBOK) HHepUHOHHOCTb 33 CqCT npeACKaaaHKH nOBeaeHHH JipytOH 

CHCxeMU, c KOTopoH OHa corjiacyexcfl. noacHcxeM, ne HMCiomHX 
odpasHofi naMBTH, Heo6xo;iHMO ocaadHXb xpedoBaHHe (4), paccMaxpH- 
B3H CHMMeipHIO COFJiacyeMHX nOACHCTCM C TOqHOCTbK) flO CABHra 
BO BpCMeHH (aaAepRCKH) /g* 

jjj j G, (i. x\ u n G2 (x% n dfdx * = s (i - 

R»r 

-hlit-f-Q. ( 7 ) 

Tor^a cHFHajio*', anpKyjiHpyiomHX b Konxype, odpaaoeaHHOM 
corjiacoBaHHHMH no;icHcxeMaMH, aanmneM ypaBHeHHH 

p,(A 0 = /’■(*. t—Qy ( 8 > 

P^{x, t)= P, {x, t — t,), 

KoxopHC yKaawBaiOT na nepHO^jnqecKHH xapaxiep axHX cnma/roB, 
TaKHM odpaaoM, corJiacoBaHne HHepuHOHHwx noACHCxeM 6ea 
odpaanoA naMHXH cbojihxch k odpaaoBaHHio na hx ochobb ocuhji- 
JiHXopa, HjiH KOJiedaxejibHoro KOHxypa. OdpaxHo, uejiocxHaR cncxcMa,. 
cocxonmaa na corJiacoBanHwx HnepuHOHUbix noitCHcreM 6ea odpaanoA 
naMHXH, HBJIH6XCH OCUHJ!JIHXOpOM. B 9X0M cjiyHae 

' G, {X, x\ u n = G, (X. x\ (9) 

Ga(x, n = G 2 (x, — /g); t, = 

ZlocxaxoqHoe KOJinqecxBo npHMepoB xaKHX ucjiocxhwx chcxcm pac- 
CMOXpeHO B (j3H3,HKe. 

Anaj^na ycjioBHH corjiacoeaHHfl 

yCJlOBHH (4) H (7) CBH3bIBaK)T 4)yHKHHH BJIHHHHH MaTCMaXHqeC KH X 
MOjiejieH corjiacoBaHHbix chct8m. J3,ajibHeHniHH anajiiia 3thx yc..ao- 
bhA CBOiiHxcH K HayHCHHio cooxHouicHUH (6), ycxaHaBJiHBaiomero 
CBHSb MejfWy npOCXpaHCXBeHHHMH KOMnOKeHXaMH ^yHKUHA b;ihhhhh, 
X. e. K HccjieAOBaHMfo KJiacca (|)yHKaHA, y^oBnexBopfliomHX (6). 
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HsBecTHo, mo npeodpasosaHHe Oypbe ycraHaBAHsaer BsaHMHd* 

OAHOSHaqHC^ COOTBerCTBHe M6»giy 060^eHHUMH (})yHKUHHMH M^;ieH> 

Horo pocra [6, c. 136], xaK *rro ‘ 


8(x 


R* 


— 2«/ 2 •* 


m=l 


dx\ 


(10) 


3hro cooTHomeHHe coxpaHflercfl npH npoH3BOJibHOM jimhchhom 
npeoOpaaoBaHHH nepeMeHHwx HHTerpHpoBaHHH 

■' . ' ^ - . 

8(x— x'^ = 

= n {x, x\ f) [»m f*- -f-. o] ^, ^ j jj 

R* m=l 

PasAe^HB noAUHTerpajibHoe BWpaxceHHe na abb KOMnoHeHTU 

npH "tt/n (x, X ^ f)— O-tn (/)% Pm (-^» X , f) = (jC, f) “{“ (x ,■ i), flOJly* 
qacM ypaBHCHHe, aHajiorHMHoe (6): 

8 (X — X") = j j J n {V (0 0 ]| 


X 


R* m= 


3 ■ - 

X n [v «m (0 '>]} dJ'. (12) 


m=l 


Ero MoxcHo o6o6mHTb, ecjiH yMHOJKHtb HJiH pasAeaHTb nofl HHierpa- 
JIOM KaJKAyK) H3 KOMnOHCHT H3 O^HHaKOByiO (J)yHKUHK): 

8 (jc — = f J J a (X, 0 ^ . 0 0 WO] x 

X n [v <Xm (0 fa (;?, /) (i', 0 1 -‘ X 


m=l 


m=l 

ConocTaBHB (6) h (13), aanHuieM 

Cl (i, i', 0 = a (jc, /) b (?, 0 o+K*'. O] x 


(13) 


X n {Vctm 

m=\ 


{t)e 


-2nla^«)x^Xn 


1 : 


(14) 


Ca (x', x", f)== [a{x\ ()b {x\ f)]-i n+^x-. t)] ^ 


( 15 ) 


m=>l 


^th ^pMyJiu ssBJiflKncsi o^teeHHeef ^aep H3BecTBux HHTerpfljib- 
Hux ro.norpa4)H<secKHX koaob f7], BKJiKmsoiiiii? npeo6pa30BauHH 
Oypbe H OpeHCJia. s " 

riocKOJibKy (|)yHKUHH n [V^m (0 o6pa3yK)T opxo- 

m«=l 

HopMajibHyK) TpHTOHOMerpHqecKyio CHcrcMy, bosmokho ;iajibHefimee 
o6o6meHHe (14) h (15) nyteM (^pMHposaHHfl h3 hhx P51Aob 


Gi(x, x'. f)=a{x, 0b(x\ x 


X fl 


ma 




*m=« 


(16) 


Gt (x', x*. /)= ix\ 0 b {x\ /)1“*‘ X 


X 


n 

m=sl 


2 «‘».(o 




fem=« 




npH 


3 ' «» • A 

Fl 2 

m=l Jfc— =1 ^m“m (0 


= 1 . 


(17) 


(18) 


riocjieflHee TpefioeaHHe BunojiHaercH, HanpHMep, b cjiyqae npe- 
o6pa30BaHHH yo;iuia. 

, H3 npeo6pa30BaHH& c JwpaMH (16) h (17) mojkho c4®pMHpoBaTb 
npoH3BpJibHfaie KpaTHHe npeo6pa30BaHHJi bhab 


Gi (*, /) = ® . . . OT Ci, (X. lc’\ f) G% {XT', I"', 0 . . . 

/?» «-l R* 

.,.Gla{xf^'^^tX\()dx”..,dx’^^^\ 

G,(*’, o=OT...JHc;,(*'. i"+', 0... 

R* ft— I R* 


...Gq 2 (x''^, X , 0 G\\ (x , X , f)dx'^^" . . . dx\ 
TAe P7, <?f€(l, 2}, /7/ + <7/=3; 

G\ (x, x', 0= «/ (^> 0 (x% /) X 

3 


n+I 


(19) 


( 20 ) 


X 


n 

m=! 


Ck (/) S 


*m=I 


(21) 


CJ(x^ x", /)= [a/(x", ^)]-i 01 ^ 

3 


X 


m«l 
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B qacTHOM cjiy*iae t3khm cnoco^M mo»ho nanywrb OAKopo;i- 
Hoe HHTerpaJibHoe npeo6pa30BaHHe rnna ceepTKH c HApoM b bhac 

npOH3BOJIbHOft OiyMOnOAOSHOH (J)yHKUHH G(x, /): 

fff - 

0 , (*, a:", 0 =J J J e "=' signIo(jir, 01 X 


2 m r 

X e "*=» . dxf"=^G{x — x\ t)\ 


fff 

Gi(x\ X , i)= J y] e «=» 


{sign(o(x"', /)!}-’ X 


^ ^m*m -► ■* — 

xe «=» dx!"== G{x* — x!'\ i)\ (24) 

jc'. J', t)£c^=l{x-^?), (25) 

i?* 

FAC a(x!'\ 0 — npOH3BOAbH3H HlyMOnOAOCHafl 4>yHKUHfl; 


sign (m) 


J 1, u>0, 

— I— 1, a<0. 


B UCAOM COOTHOUieHHfl (19)— (22) OnpeABABIOT MHOJKeCTBO 
HHTcrpajibHbix npeo6pa30B3HHH c pacnpcAejieHHbiMH hapbmh. Ha 
BbixoAax corjiacoeaHHux noACHcrcM, BbinojiHHiomHX noAo6HHe npe- 
oSpaaoBaHHH CHrHajiOB, OAHOBpeMeHHO h;ih c 3aAep«K^-H mojkko 
H a6;iK)AaTb HeKoxopHH cHrnaji h, nanpHMep, ero npocrpaHCTBeHHUH 
Oypbe-o6pa3. Takan CHTyauHH BOSHHKaer npH Ha6;noAeHHH paa- 
AHTOUX KBaHTOMeXaHHqeCKHX oSbeKTOB, HanpHMCp SJieKTpOHa, B 
peayAbTaxe *iero (jrapMHpyroxcH npeAcxaBAeHHB o ucaocthoh CHcxcMe 
(sAeKxpoHe) K3K o qacTHue h noAei OAHoepeMeHHo [8]. 

CHCxeMbi, ocymecTBAAiomHe HHxerpaAbHHe _npeo6pa30BaHHH c 
pacnpeACAeHHHMH HApaMH, o6AaAaiOT bhcokoh HaAewHocxbio no 
OTHOIUeHHK) K HeOAHOpOAHWH UJyMaM B CBH3H C teM, qxo M6>KAy 
corAacyeMbiMH noACHCxeMaMH cooTBexcxBeHHo (4) hah (7) ycxanaB- 
AHBaexcji noAO/KFixeAbHaH oCpaxuaH csasb c Koa^^HiineHiOM ycHAe- 
HHH CKTHaAa B KOHXype, paBHMM eAHHHUe. HH3K3H HaAeXCHOCTb 
coFAacyeMHX noACHcreM npH rbah^hh noAOJKHxeAbHoft c6paxHoS 
CBH3H Me^HAyHHMHnpHBeAa 6u K dbicxpoMy paccorAacoBaHHK> noA- 








cscreM H K paspyrneBssfO iie/sc^raofi cuct&sa, B cjiy^e hchojiiso- 
BaHBS nOACHCre^ C paCSp^AS^eHRUMH (|»yHKIUlflMH bjihahha aar 
paapymeHHfl iieAocTHoll CHcreieu Heo6xoAHisu 3Ha«iiiTejibHbie eo 3 - 
MymaiomHe (cHAOSbie) BOSAeficrsHa, peajiHsauHa Koropux Tpe6yer 
3Ha«iHTeAbHbix sHeprCTHqecKHX saxpax. Oco6eHHo 3xo xapaKxepno 
AA3 paaAHqHHX uenocxHbix chcxcm MHKpoMHpa h pacnpeAeACHHux 
oCmeGXBeHHHX CHCXCM., 

SaAaqeft AaJibHeiuuHX HCCJiCAOBaHHH flBJiaexca npHMeHeHHe naA- 
ACHHux ycAOBHA corAacoBaHHH AAH anajiHsa BosMoxcHocxeA corjia- 
coBaHHH cymecxByiomHX 6HoaorHqecKHX h xexHHqecKHX sjieMeHxoB 
H CHCX6M* HanpHMcp HeApoHHoA cexH Mosra qaaoBCKa-onepaxopa 

H 34BM. 
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